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AllS’l’RACrl’

}$~cllavcc  )l)srrvccls  cvel~]la~ro~v-li]  lecl !kyfcrt  1 (N I, Sl)galaxics  al~clol~c llig}]-io]~izatio]~

Sc$yfert  2galax~’\\’itl] the Vl,A. (;ol~~l)illillg tllescol]servatiol]  s~~’itll  ]Jublisllcd  data, wcsu]n-

]]~a]izct  llcra(lic)}  )ro])ertics  of tile NIX] galaxies for which s])ectro]~c)lari~~~etry  wa.sreportd

in 1989 by Goodrich (ApJ,  34’2, 22?4). l~iftccn of these 17 objects  now have published radio

ohscrvations  of high sensitivity, and OIIIJ’  IIi]]c of those have been detected. 11’or a llubble

]Jaramctc]  of 75 km s- ] Mpc  - ], the &cm radio powers range  fmm 1020 to 1023 W 1 1 7 ,- 1,

within the range  previously foullcl for other types of Seyfcrt galaxy. ~’he median radio

size of t}le Ilinc V1, A-detmted  galaxies is no larger tllall  260 l)c, si]nila]  to the Indian  size

found by lJlvcstad  & Wilso]~ (1989,  AI)J, 343, 659) for a (Iista]}cc-lil]]  ite{l sample of Seyfert

galaxies. of the six N1,S1 galaxies kIIOWII to have significant intri]lsic  o})tical polarization,

tllrce IIave measurable radio axes. ‘J’wo of those three galaxies have radio major axes  C1OSC

to 90° from their  ])olarizaticm  pcwitic)ll  angles, while tile third  has an inner radic) axis that

]nay he nearly parallel to the ]Jolarizatioll  ])osition angle.

1



1. IN’I’I{O1) lJ(;’I’ION

Scyfert galaxies wcrcsul)divided  into ty})cs  1 and 2 twellty  years ago (I{hacllikiali  &

Wced]natl  1974), a classificatio]l  scllmnc that IIas served astro]lcmlerswrcll  ill attmnpting  to

determine  the nature c)f tllcse galaxies. ‘1’llcorigi]lal  classificaticJ1]  into twoty]ms  w’asl~ascd

almost cntirc]y o]i the rc]ativc widths of the stro]Ig  cmissicm li]les. III tile Seyfcrt 1 galaxies,

tllc ])crmittcd  lilies  have stroNg coIn]Jo]leIIts  with widths oIl the order of 10,000 kln s- ‘ ;

they also may IIavc weaker componmits  witli widths 011 the order of 500 km s- 1, as do tile

forl)iddml cmissio]l lillm (such as [0 111]). llotll pmnitted  and forhiddcw lines have si]nilar

widths of 500 km s- ] ill Seyfcrt 2 galaxies. lntcmnediate  Scyfert classifications ranging  from

1.2 to 1.9 have hen created  over the years (e.g.,  Ostcrbrock  & l<oski  1976; Osterhrock  1981;

Cohcm 1983), ancl some Scyfmt galaxies have C.hallgwl  their  classificatio]ls  011 time scales of

weeks to months, usually within the various illtmncdiate  %yfert  classifications (e.g., (;ollcII

et al. 1986).

It was long hlievcxl that the nuclei of Scyfert 2 galaxies have raclio  sources that are

systematic.ally mom powerful  a]ld larger than  tllosc ill Seyfert 1 galaxies, with Scyfcrt 1.’2

Llirougll  1.9 galaxies being ilite]  mmliate in radio j)roperties  (de }Iruyn & Wilso]l  1  978;

Meurs 1982;  h4cu1s  &. Wilso]l  1 9 8 4 ;  lJlvcstad & Wilson 1984a,b;  lJlvmtad  1986). lIMQISOII

(1 987) cc)]lte~ldcd  that the raclio  lumi]losities c]f Scyfcrt 1 allcl 2 galaxies arc similar for

an o])tical-magnituc  le-li]nited  samp]c, altlloug}l  llc had illsu~lcient resolution tc) separate

]Iuc]ear and disk radio emission. lJlvestad & Wi l son  (1989)  showecl  that the a])parcwtly

IIighcr nuclear radio luminosity aud size of tile Seyfcwt  2 galaxies might be accou]lted for

by selection effects; when tllc weaker Scyferts (mostly Seyfert 2 galaxies) found ill surveys

of nearby galaxies are incluc]cd and radio-source sizes arc compared at cquiva]cnt dyna]nic

rallgcs, the differences ill radic) })c)wms and sizes are Ilo longer statistically significant. A
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cc]l~tel~]l)olalleous  stucly  hy ~;iuricin ct al. (1990), l)ascd  on a sample of bright, spectroscop-

ically selected  Scyferts,  also co]lcludcd that the radio sources ill the different %yfcrt  types

aw IIOt significantly different. A recent summa~y of the radio prol)crties  of Scyfcrt galaxies

can be foullcl in Wilson (1991).

Alltonucci (1983)  made  tile illtcvesting cjlmrvation  that  the Seyfert 1 galaxicx tend

to have optical continuum polarization parallel to their  raclio major  axes, while Seyfcrt 2

galaxies llave~]cr~>cllcliclllar  I)c]larizatio]l. ~’llis  ?Iashcen i]ltmprctml asa diffcmlce  hctwecn

thilt and thick scattering disks (Antonucc.i  1984). !l’hc remarkable result that NGC 1068,

thcamhctypa]  Scyfcrt 2galaxy,  shows vQryhroad  ~)erlllittecl  lillcelllissioll inl)olarizecl l ight

(Antollucci&  hliller  1985)  indicates that atlcast  sc)l~~c oftliediflcrcllceh  ctwccl~Seyfcrt 1

alicl Scyfcwt  2 galaxies might be merely an oricvltation  effect; a similar suggestion, based on

X-ray ljrol)crtics c)ftllcgalaxics, wasmadehy  I,awrencck l(;lvis  (1982).  Sillcct,he  original

discovery in NGC 1068, a Iiumher of other  Seyfert 2 galaxies also have been S1]OW]I to display

b r o a d  })erlnitted  lines in polariz,ecl  light ( M i l l e r  & ~;ooclrich  1990), su])})orting the i n t r i n s i c

similarity of Scyfcrt 1 and Scyfcrt 2 galaxies. orimltation  clearly is not the whole story, as

dmc.ribed in a more detailcxl  sulll,mary of unified scllcmcs  for !%yfmt .galaxics  (Antolluc.c.i

1993).

Yet allothcr  class c)f Scyfcrt galaxies was pro~losed  by Ostcrbrock  & I’oggc ( 1985), the

“llarrow-liucxl  %yfcrt  1 galaxies” (hereafter N 1,S 1 galaxies]. ‘1’hcsc c)l~jects  have permitted

lillc  widths much slnallcr than ty~)ical  Seyfert 1 galaxies, on tllc ordrx- of 1,000 km s- ] .

IIc)wcwcr,  they differ from Scyfert 2 galaxies in that their  optical spectra slIow several

cllaracteristic.s normally associated with Scyfert 1 galaxies, suclI  as [0 111]/11/3 ratios of

less than 3, pmnitted  linm somewhat Lwoader than  the forhidclcn lines,  and either  Llmlds

of lk 11 emission

10% of Seyfert 1

or very high excitation mnission lines such as [11’c VII] or [11’c X]. About

galaxies mtiy be NISI galaxies (Stq~hcns 1989). Am extmlsive  optical
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sllectlc)l~olarilllctric  study  of these ol)jccts was carried out by Goodrich (1989) ill order to

dctcrminr their  prope]tjes  and their  relation  to otIIcIr types of Scyfert galaxies. }Ic okwvc.d

a total of 18 objects, including one IIigh-io]lization  Scyfcrt 2 galaxy. Six of the h’LSl ~alaxics

vmre found to show significant i]ltrinsic polarizatjo]ls. Goodrich (1989)  concluded that the

NI,SI galaxies fall on a continuum with !%yfert 1 galaxies in their  emission-line properties,

and sliow optical l)olarization  c.auscd Ly dust that may be associated with tllc Iiarrow-lilic

regions, Onc poss;ble explanation for the narrcwllcss  of tllc ~)crlnittcd  lines in NI,S1 objects

might bc that the gas motions in the broad-lilie  rcgioll  are co]) fi])ecl to alI tic.cretion  d i s k

viewed ]Icarly pole-oll.

We have made ncw VI,A1 ohscrvations  of a number  of NI,S1 galaxies in an effort to

relate thm to the other  types of %yfcrt  galaxies and provide additional data for dcterminill.g

whetllcr  their prc)pertics  are determined largely by oricmtation  or by intrinsic difrmcmces

from other  Scyfcrts, Of particular intcmt  are the typicaj sizes of the radio sources, wllicll

might bc cx})cctcd  to be quite  mall ;f the a.ccmtioll  disks are viewed in a polar direction, and

the relation between tllc raclio axes and tllc o})tic.  al polarization position angles. Goodrich

( 1989) rcl)orts  ol)tical  l)olarizatioll positioll  allglcs nearly pcrpelldic.ular to tllc radio major

axes ;]) two NI, S1 galaxies, and more suc]t  cxalnl)lcs  l)ave hewn sought with tlic additional

V1,A ohscrvatic)lls. ‘1’his paper  reports tile results of the ]Icw VI,A observations and briefly

coml)arcs tllc radio l)ropmtim  of tllc NI, S1 galaxies to other  Seyfert galaxies.

1 ‘l;lIC VI,A is a facility of the Natic]na]  ltadio  Astroilo]lly observatory, which is ol)erated

I)y Associated lJliivcrsitics, ITlc. under  a coo}) cvative  agrecmcllt  with the Natiojlal Scicnlce

IJoul]dat, ion.
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2. O1lSl;RVArl’IONS AN1) )A’1’A I{ I;I)IJC’1’1ON

‘J’IIQ V1,A ol~scr~wtio~ls  Ina(lc  use of tile IIigllest  rcsolutiol)  (A) configuration ill order to

l)N)IJc  the rarlio-sourm  ~~osition  a]lgles  c}f tile NISI galaxies at tlIc smallest scale. l’rogram

objects  were selected  from tllosc studied by Goodrich (1989), with l)refcrellcc  givcvl to tllc

galaxies that  al)l)earcd  to slIc)w sigaiilcallt intlinsic  optical polari7,atio11.  Olmrvatiolls  of

10 ohjccts,  mostly at wavclmlgtlls  of 6 and 20 c]n but with one source also obsmwed  at

2 cm, were scheduled for two scssiolls  on 1987 July 31 and August 1. Ullfortullately,  a

l)owor failure at the VI,A eliminated thcfirst  scssic)n a]ld twol)rc~gram  objects. q’)leseco]]d

scssioll, cigllt hours in duration, illcludec]  observatimls  of ci.gilt galaxies, but tllc cc}lltilluillg

cfl’ccts  of the })ower failure caused tllmc ol)scrvations to bc lnadc without the Ilorth  arm

of tllc VI, A. ‘1’llcrcforc,  a maximum of 18 antmlnas  was available, atld beam slia~)ei  wcr6

})articulally asymmetric for tllcsoutllm]llnost  sources.

l)ata also were acquired at 3.6cIn  011 1991 July 15, cc)llsistillg  ofobscrvatic)nsof  three

galaxies that were detected as relatively strol~g  racliosc)llrccs  in 1987, but showed IIo clear

resolution at 6or20 cm. ‘J’llcscc)bser\~atioT~s  also were madein  the A configuration, and 26

alitellllas were avail  ah]c. ‘1’able 1 sumlnarims  all the.observatiolls, giving dates, wavclcltgtlls,

al)l)roximate  times on source, and l)caln sizes for each galaxy.

All data were ac.quirecl  using two adjacent 50-h411z bandwidths, providing a total band-

width of 100 MIIz at each wavelength. l~or oacll  target, a. l)oillt  c.alibratioll  source near the

galaxy  was observcxl  for phase calibration, and all flux densities wme referred to standard

values for 3C 2S6. IIecausc of the snal)shot llaturc  of the observations, no dl’ort  was made to

calibrate radio po]arizatioli. ‘1’ab]c 2 gives  the central  frequency in each wavcband  and the

assumed flux ~iel~sity  for 3C 286 at each frccluellcy. ‘1’he data were calibrated in the stand-

ard way by applying the antmlna gains determined for the local calibration sources to the
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})rogram ~alaxies. ‘J’l)c wcatller  duril[g  the 1987 observations was terrible, and rapid phase

variatiolls  affected tile data  calibration suhstalitiall.y.  IN so]ne cam, weak source d~tcctions

were iml)rovcd  l~y self-calil)ratillg t}le  data using standard routines in the Astronolnical  ln]-

agc l)rocessing System (A II) S). At 6 and 20 cm, it was possible to use lo]lg integration times

to achi~ve adequate  signal-to-noise for self-calibration, but this was Ilot possible at 2 cm

l)ccause  of the larger phase variations at the shorter wavclellgth. ‘J’llunderstorms  during  the

3.6-cm ohscrvations  in 199] causrd  short  data outages and rapid phase fluctuations, but

sr]f-calihratiml  enahlcd reasonahlc  recovery of allt~]lna  l)hases.  It is possible that tile upper

li]nits on tllc two sources not detected  at 6 cln should be incmasccl  clue to tl[c poor weather,

al)cl tlie nowdctection  of the single source c)bservcd  at 2 cm probably was weather -rclatccl.

Maps were lnadc in each of the two 50- Mll?, hal~cls  at each wavelength, then averaged

to give the final  images. }’or the two galaxies not detected  in the full-resolution images at

6 cm, lower resolution maps (w~ig;hting  tllc short baselines more }Ieavily)  covering areas four

arcmillutes  OII a side were made  to atte]nl)t  sourco  detection. in several cases, l)articular]y

at 20 cm, fairly wide field maps were made in order to eliminate confusing sources. ‘1’ypical

noise levels in tile final  full-resolutic)]l  maps were 100 i~Jy at 3.6 and 6 c.m and 200 pJy at

20 cm. No IIoisc  can be quotecl  for the 2-cm observation bcc.ause  the weather made  the data

uliusab]c.

3. IWSIJ1113S  1’01{ IN I) IV1l)lJA1,  GA1,AX1lI;S

Most of the galaxies observed in this l)rograll~ were dctectcd,  with flux densities at t]}r

varic)us wavelengths ranging  from less than a lnil]ijansky  to over 50 mJy. One IIoteworthy

result is that tile OIIly collvillc.i]lg  evidence for resolutio]l  in ally of the newly observed radio

sources is ill Mrk 766. lJp})er limits 0]1 tile si~,es of most c)t]lcr  sources at 3.6 ancl 6 cm arc

0“.2- 0“.4. AssulniIlg  a llubl~lc  parameter of 75 km s- ‘ Mpc-l, as we do throughout the
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rcmaindcw of this paper, .such siv,c limits Corrcs])olld  to lillcar  sizes of 75-400 ])c at reclsllifts

of 2 = 0.02-0,05.

‘J’able  3  sulnlnarizcs  the ohservatiollal  ]esults. 1701 each galaxy, redshifts,  ])ositic)ns

(111 950) derived  from the VI,A ilnagcs , and flux densities arc listed, together  with radio

]~owcrsan(l  lincalsims. ‘1’hc upper  limits to the sizes are taken to be equal to the average

of the diameters of the beam Inajo]  and milior axes. Sl])allerlil]litsllligllt  Ije})laced  oll tllc

sizes of tile stroligcst  sources, for whic]l tllc signal -to-] loisc ratio is high elIough to detect

molution  smaller than tllc actual  healn size. ‘1’hcwfo]e, the size upper  limits arc, iII general,

fairly Consmvativecs  (imatcs.

l’or .galaxics  that  wcm IIot detcctcd,  tlie ])ositiclli  given  ill ‘J’able  3 is t]le c e n t e r  o f

the ficlcl O1)SCINN1. All galaxy positic)l~s  were kllown  in advance with accuracies of a few

arcscconds  or hctter,  so the low’ -re.solutio~l  ma])s of the fields of the undetected galaxies were

large c]lough to detect  any emission frcm th~ target objects. lJppcr  lilnits of three  times the

r,m. s. fluctuations in tllc IIigll-resolution images arc qucjtcd  ill ‘l’able 3. ]lux-density errors

for cacll  detected  source have lmm estimated by combinirlg  (in quaclrature)  the r.m. s. noise

in hlallk areas of the final  map, the error  ill the Gaussian fit to the source flux dwlsity,  and

an assun~cd  scale error  of 5’%0  at all wavelengths. ‘1’hc larger-than-normal assumed scale

error is a, consequcnc.e of the poor weather, the lack of c)nc arm of the VI,A clurilig  the &

and 20-c In ohscrvations,  and ex]wrience gaitled during other  VI.A observations ill wllic.11 two

of us were exposed to the large errors  that so~netilncs can be made  in the VI, A flux-density

scale (lJlvestad  & Atltonuc,ci  1994). ~;omments 011 tile illcliviclual  galaxies are given  ))CICIW;

al’

Ii]

o])tical  polarizatio]l  data me;ltionecl  are from Goodrich (1989).

Afrk if. ‘]’hc ncw upper limit of 0.25 lNJy at 6 cm is consistent with the 21 C]O upper

it of 4 mJy found at Wmtcrbork  hy de Ilruyn & Wilson (1976). ‘lThc pointing  position

was takcll from the positio]l  of tile o])tical  IIUCICUS ]neasurcd hy Clwne]its (1981 ), which  IIas
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an accuracy of 0“.2. ‘1’he optical ]Jolarizal,  ioo c}f this object is less than 0.5°~o and may not

I)c ilttrinsic to the Scyfert galax.v.

Mrk J93. ‘1’hc weak radio source, with a strmlgth  of 0.77 mJy at 6 c]n, ap]wa.rs

completely  unmmlvcxl,  with an upper limit of 150 pc tc) the source diameter. ‘1’hc  optical

polari~,atio]l  is only 0.26X and niay be caused by dust w’itl)ill  the Galaxy.

A4rk 507. OIlly 20-cI1~ data were acquired hccausc tile Westerbork  upper  limit of 3 InJy

at 21 cm, prcvious]y J]ublishcd by WilsoIl  &z hleurs  (1 982), lnade it unlikely that a radio

])osition  allglc could Ije found at G cln. ‘1’lIc weak detection of 3.21 mJy  is marginally

consistmlt witl[  tlIc Westerbork  upper  li]nit. ‘J’hc source ])osition is a})prc)ximatdy  0“.9 froln

tile ol)tical  l)osition  given lJy Clemcllts (1983), in a direction consistent with the suppositic)l~

that his position may have hewn affectcxl  tJy the fcmground  G star mportccl  tJy 11 alpern &

Okc (1987) to be 2“.0 away. “J’}te  radio sourco  a])pcars ullresolvcx],  althoug}l the large I)eam

at 20 cm leads to the ratllcr  large ul)])cr  limit of 1.2 kl)c for tllc sc)urco  sire. ‘l’l[is galaxy

shows ap])arent]y  intrinsic o])tical  ])olarizatioll  of 0.61% at a position angle of 12°, rough]y

parallel to the directioll to a compaTlioll  galaxy located 36” tc) the south (lIalpcrll  & Oke

1987).

h!rk 684. ‘1’his  galaxy has a G-cm upper limit of 0.25 mJy at 6 cm. ‘1’he optical

position has an accuracy of only 5“ (Kojoian,  ltlliott,  & “1’ovn~assian  1978). In a 4-arcminute

field centered 011 the positiol)  listecl  ill ‘1’ah]c 3, tile only source clctectecl  was a 1,7-mJy

source located at (14)’ 28’’’ 50s.08, 4 28 °31’24’’.0), more tlian all arcininute  from the llomina]

l)osition, lJNICSS  the errors o]) the ol)tical  }Iosition  were trelnclldous]y  ~ll~clcrcstill~ate(l,  this

sc)urce is ul~rclatml  t,o the nucleus of Mrk 684, ‘J’hc o})tical  ])olarization of the galaxy is less

than  0.2%.



Mrk 766 (NG’C 4253), ‘1’his  lather nearby galaxy (z = 0.0121) has been observed  with

radio illtcvfmomctcrs  several tilnes ill the l)ast. A G-cm image was pub]ishcd  by IJlvestacl

& Wilson (1 984a), with ap})arent  slight rcsc)lution  in a roughly north-south direction. l)e-

tcctions  at 20 cm have hccm lnacle at Westerhork  (Wilson & Ivlmrs  1982) and at the VI,A

(lJlvcwtad & Wilson 198!3). WC re-ohsmd tllc galaxy at 6-cm with the VIA in an efrort

to conflm the position angle published by Ulvmtad & \Yilson (1 WIa). ‘1’he flux density of

11.7 mJy  is somewhat lower than  the value of 15 mJy  ])ublishccl  previously. (Self-calibration

with a long averaging tilne seemed  effective  in ccmrecting  tllc phases for bad weathm.)  Ob-

servations  at 2 crf] on the same date  revealed ]]0 source, eve]) whcI] self-calibration was

attclllptcxi lJy using a Inodel c)f a point source at the 6-cnl position. Since, these 2-cm

ohmvations  were affcctcxl greatly  lJy the poor weather, no results arc listed in ~’able 3.

A Gaussian fit to t}Ic G-cm ilnage gives a source size of 0“.26 x 0“.19 in position angle

12°3 5°. ‘J’his  is consistmlt,  within the errors,  with the position angle of 16° derived

by lllvcstad  & Wilson (19&la), while tile linear size of 60 pc also is consistent with tile

value found hy those authors. III order to a,ttclnljt to confirm the ])osition angle, a higher

resolution olmrvatioll  at 3.6 cm was made  ill 1991. ‘J’hc resultant image, shown in ]>igure  1,

clearly is resolved, with a (;aussian  fit giving a size of 0“,25 x () ’’.15 in position angle 22°44°.

in addition, there  lnay be another com])oncnt slightly farther out to tlIf2 northwest, in

])osition al~glc - 3 0 ° . (rl’his  possitdc division into several components also is consistent

wit]) an unpublished, 2-cIJ1  VI,A observation lnadc by lJlvestad L? Wilso]l, ) “l’he total flux

densities at 3.6 cm and 6 cm yield  a spectral index of 0 = 0.86+0.13  (~ =- –dlog,SV/dlog  v).

Ivlrk  766 has strong oJ)tical  conti]luum J)o]arizatio)l  of 2.34% in positio]l  angle 90°, 70°-80°

fro]]]  tlie ])osition  angle of the inrlcrlnost radio axis.

M1’k 1239. ‘1’his galaxy is  anot]lcr

l)ositiol]  allglc 130°. Ivlrk  1239 was found

object  with high o])tic.al  l~olarization,  3.35(%  in

to be a relatively strong radio source, with a flux
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dm)sity of over .50 mJy  at ’20 c])) and nearly 20 InJy at 6 cm. Siilcc  the source is unresolved

at both  (i cm and 20 cm, a 3.6-cm observa.tioll  w a s  ohtaincd  in 1991 t o  try to obtain  a

]Jcwitic]ll  angle for comparison with tllc o]~tical  polarizatio]l. IIowevcv, eve!l  at 3.6 cm, the

source rcmai]ls unresolved, with a size u])})cr limit of 80 pc. ‘J’1117 apparent  s})cctral  ilidex

l)ctwrccm 3.6 and 6 cln is o = 1.64+ 0.11, much stecpm  than the spectral index of 0.9040.06

between 6 and 20 cm. An altcmativc exl)lanation  to s])cc.tral  stcel)mling  is t~lat  tile source

decreased in flux dwlsity somewhat l~ctw’ml the 1987 ancl 1991

I141k  1S’8$. Mrk 1388 c.olltains  a  fairly weak radio  source

6 cm al]d 20 c]n. ‘1’he flux dcmsities  of 3.5 mJ,y at 6 c.in and

observatiolls.

that is unresolved at both

9.1 mJy  at ’20 cm yield a

slwctra]  i]ldex  of 0,803  0.08. Strong o}jtical  ])olarization of 0.900/0 exists ill posit,  io~l angle

78°, but thcw is ]to measurable radio position angle for comparison. osterbrock  (1985) and

(;ooclrich  (1 989) state that this object  is more properly classified as a Scyfc$t  2 galaxy with

IIigll  ionization , so it is Ilot  i?lcludml  in the g;lobal  summary of NI, S1 ])roperties  later ill tllc

])rmcmt ])a~)er.

11{,4S’  ]509- 211. ‘]’his  lRAS galaxy has the strongest optical polarization of the NI,S1

ol~jcc.ts,  4.61% in position angle 62°. It also is the most powerful radio source of those

observed in this program; its 20-cm flux density of 42.6 mJy corresponds to a radio power

above 1023 W ]Iz–l  . Since ]l{,AS  1509-211 is locatccl at a soutllcrll declination, tile lack of

tllc ]Iorth arm of the VI,A (luring the G- and 20-cIn obsmvations  causccl  a bcaln major/lninor

axis ratio  of more than 6:1 at both wavclmlgths. A later  3.6-cm obsmvatiol~ also was ac.quircd

in an eflort to find a radio  positio]l  angle. Gaussial) fits to the 3.6-c.m  source in the full-

rcsolution  and slightly taped maps reveal so]ne evidence for resolution, but  these fits still

arc consistent with the radio source being uliresolvcd, giving  an upper  limit of 210 pc for

tllc diamctm.  ‘1’he spectrum is straight Letwml 3.6 and 20 cm, with a spectral index of

1.053 0.04.
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4. I) IS(’lJSSION

Of the 1 S galaxies for which {;cmclrich  ( 1989) reported  optical s])ectro])olaril~~etry,  VIA

ol)servatiolis  of eight am rcq)orted in t i l e  ])rcscllt }Japm, while observatimls  o f  two lnore

(Mrk359  and Mrk 1044) weIeclestroyecl  l~ytlle  Vl,A power f a i l u r e .  }’iveoftl,eseve~,

galaxim having significant intrinsic optical ])olarization (six N1,S1 galaxies and one high-

iollizatio]l  Seyfcrt 2) were imaged; those galaxies are h4rk 507, Mrk 766, Mrk 1239, Mrk 1388,

aud ll{AS 1509– 211. A sixth intrinsically ~)olarized galaxy, Mrk 1126 (NGC  7450), was

mappcxl with t}lc VI.A by [Jlvestad L’ Wilson ( 1984h). ‘1’}lc sevent]l  signific.a.llt]y  pc)la,rized

ol)jcci,  Mrk 957, was not observed because its o})tical po]arizatioll was not k]iow]i  until

s}}ectrc)})ola,rill~etry  was obtai]led several  weeks after  tile ir]itial  VI, A ohservatiolls  (Gclodricll

1989). Coincidentally, and fortunately, Mrk 957 (as i5C 3.100) was observed at the VIA

in 1981 by one of us as part of another ]Jrojcct  (Alltonuc.ci ]985). ‘J’hat  map revea]cd  a

])eak flux density of 1.46 mJy at 4760 h411z. ‘J’he clel,ection  is inconsistent with the up})c]

]ilnit  of 0.6 mJy  found by Sti]lc (1992)  frolo 1987 V1,A ohscrvations  with similar resolution,

lcadillg to the inference that the radio  source has varied or that tllc published upper limit

is incorrect.

With the observations ])ublishcd here, a set of IIigll-rcsolutioll  a]ld nigh-sensitivity radio

data exists for all seven  significantly polarized galaxim discussed by Goodrich ( 1 989). ‘1’}lrek

]nc)rc weakly polarized (OT unpolarized) galaxies were observed in the prescmt program, and

high-resolution V1,A observations of Akn 564 (lJlvestad,  Wilson, & Sramck 1981), Mrk 783

(lJlvestad  & Wilson 1984a), and 1747.3+  6836 (Ilutc]lings  & Gower 1985) also have been

pul)lisllcd  prcwiously. After eliminating  Mrk 1388 because it is bettor  classified as a tyl)e 2

Scyfert,  12 of 17 NI,SI galaxies have VI,A observations at arc.second  resolution. ‘J’llrec

c)tllcrs  nave becll  observed with interferometers or

bccII Ijublishcc] on the final  two galaxies. ‘1’al)le  4

11

single  dishes, while no raclio data have

l i s t s  the illtril]sic  6-cI1l powers al~d tile



angular  sizes for the highest resolutio]l, higllcst  smlsitivity  ra(liocll~sclvatiolls  weamawam

of for each of the 17 h’l, Sl galaxies listed by (;oodrich  (1989). M’hme the radio data were

acquired at another  wavelength, the flux dellsiticw  were convmtcd to 6 mn using a spectral

index of  @ = 0 . 7 .  ‘J’he U])])(’J

aIId 18 cm employing a 275-klo

of three  smaller than the limit

(1978).

limit quoted for Mrk 359 comes from otmmatio~ls  at 11

i]ltcrferolnctcr  haselillc  (Norris ci al. 1990), ancl is a factor

found from single-dish ohsmwations  by IImscl &t Condo]]

It is possible to make rough comparisons of t}lc  radio prc)pcrtics  of NIX1 galaxies with

those of other  Seyfmt galaxies, but SUCII comparisons arc hampered by the fact that the

saln])le of NI, SI galaxies is fairly slnall  and is not sclcctccl  by any uniform set of criteria.

‘1’lle distribution of raclio luminosities at 6 CIO is displayed ill Figure 2. We nave ]iot  derived

a radio luminosity function because of the ilimmpletmess  of our sample. IIowever, the

rallgc of radio luminosities, roughly 10 20- 1023 W IIz-”l at 6 cm , is well within t}le range

ty})ical of other  Scyfert galaxies (e.g., Fig. 11 of lJ1vestad k’. Wilson 1989).

Only nillc NI,S1 galaxies have been detected at centilneter  wavelengths, and only four

of those have measured angular sizes rather than  u])per  limits. ‘1’hcrefore, deriving a forlna]

radio size clistributiol]  is mealling;less. IIowcwer,  the median radio sim of the nine detected

objects  can be secll  from Table 4 to bc Iio larger  than ?,60 pc, Converting previous results

to a com]non  lluhblc  paratncter of 75 km s- 1 Mpc- 1, median sizes have b e e n  found to

l)CI less than 170 pc for Seyfert 1.8 and 1.9 galaxies (rl’able  3 of Ulvestad 1986), atld ahc)ut

350 pc. for a distance-limited sa~[l])le  of Scyfcrt galaxies of all classes (rl’able 10 of lJlvmtad

& Wilso]l  1989). ‘J’}lcrefore,  the radio data are c.onsistcllt with the NISI galaxies having

radic) sources with sizes similar to those ill the IIuclci  of other  Seyfm-t  galaxies. No more

d e f i n i t i v e  concli]sion call be rcachcd because  of selection  cflkcts,  the slnal]  samJJlc  s ire,

and the cflccts of ]imitcd  dynamic rallgc. III this context, it should be IIotecl that sollle

12



the pcwccntagc polar-

a])]) iim)tl<y  utIresolved  S~yfert-galaxy  radio sources turn  out to have sizes  of a kiloparsec CJT

]norc wlIQn  ma])pcd  with higher dynamic rallgeor  better sensitivity to fcatum havillg]owcr

surf am l~rigl)tllms  (e.g.,  NGC 5506, Wcllr]c & Morris 1987;  hTGC 3516, Mi,yaji,  Wilsoll,  &

l’irm-l~oullloll  1992).

Ollc]Jllr})osc  oftllis  illvcstigatioll wastocc)l~l~)are tilciIlllerll~ost  raclio position angles

with the polarizatio]l  ])osition angles  of the hTl, Sl ga lax ies . IIowcver, tlIc observations

reported  here resolved OIIIY Llrk 766, confirnlillg  earlier reports that the radio axis is oricmtwl

ap})roximate]y  perpclldicu]ar  to tllc o])tical ~)olarization  pos i t i on  angle. ‘1’his  is also the

case for Mrk 1126, as previously re])ortcd hy (;c)odrich (1989). In contrast to Mrk 766 and

Mrk 1126, the apparent pcmition  angle of the illnmmost  raclici  axis of Mrk 957 ill the map of

Alltoliucci  (19&5)  appears to he N 50°, ncar]y parallel to the optical polarization position

allglc of 43° found by Goodrich (1989). lJnfcmtunately,  a sample of thre”c  galaxies is Ilc)t

adequate  to attempt any statistical tests of ])olarizaticnl  aliglllnents.

‘J’here is lio obvious trend  for the radio power to correlate with

izatioll  of the o]~tical  continuum ill the N1,SI galaxies. Although three  of the five detected

N1,S1 galaxies with Gc.m powers above 10 22 W 117, -1 show significant optical po]alizatioll,

so does Mrk 1126, the intrinsically weakest detcctcd  radio source listed in ‘l’able 4.

5. CONC1,lJSION

WCI have used the A configuration of the VI,A to observe eight Scyfcrt galaxies, in-

cluding seven  NISI galaxies and one high-iollizatio]l  Seyfert 2 galaxy. ‘1’wo objects were

obsmvcd oIIly at 6 cm and were undetected, while tile rclnaillillg six galaxies were detected

hy obsrrvatiolls  at various c.omhiliatiolls  of 3.6, 6, and 20 cm. Of these six galaxies, olIly

Mrk 766 was barely  resolved, while tllc others  rclnain uIIrcsolved  011 linear scales generally

raIlgillg  from 100 to a few huIIdrcd  ])arsecs. l{adio ])owms of NI,S1 galaxies arc ty~)ical  of

13



those found previously in other Scyfmt galaxies. ‘1’lIQ limited data on IIille NI,SI galaxies

detected  usil]g  the V1,A indicates  that tllcir ]adio sires arc similar to those in other  Scyfcrt

galaxies, but no statistical statclllent  can lJc made. Of (hc six NI,SI galaxies with significant

o})tical contiliuum polarizatiml,  two have radio sources with axes roughly l)cr~jelidicular  tc)

t)Ic  ]mlarization,  while one may have a radio  source parallel tc) the optical polarization, and

the other  three  mnain unresolved. ‘~’lIc three uIIIcsolvcd  sources with significant optical

l)c)la~ization  arc strong  enough so that their radio position angles  could be investigated at

yet higher molution  by using VLA observations with longer integration times at shorter

wavclmgtlls  or (perhaps) by using MII;R1,  IN.

A ])o]tion  of this research  was carried out by the Jet l’repulsion l,aboratc)ry,  California

]llstitute  of ‘Ikchl]ology,  uncler  contract with LIIC National Aeroliautic.s  ar~d S]jace  Adminis-

tration, ‘1’llis  work has maclc  usc of the NASA/11’A(;  cxtragalactic  database (NJ])), which

also is o})erated by the Jet  l’ro])ulsic)ll  laboratory, California institute of ‘J’cchllology,  under

cc)ntract  with NASA. Wc acknowledge furtllcr  support from the National Scicnlce  l’ouncla  -

tioll  t}lrough .gallt  ASrl’ 9120053 to U.C. Santa  IJarbara.
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l~l(;  lll{lt  CA1’TIONS

II’](; . 1. V1,A i~~]age ofhlrk766at  3.6 cl]], (’c)] ltc)l]rl e~clsar cse])aratecl  by2]/3,  beginning

at 0.27 mJy. ‘1’hc peak flux density is 3..53 nlJy.

ll’l C;. 2. IIistogram  c)f 6 - c m  radio  lulninosities of the 14 NT JJS1 galaxies with published

IIigll-sensitivity observations. llppm limits am dmlotcd  by I)atcllillg.
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